Abstract This study was conducted to investigate the characteristics of inflow and outflow wastewater of the Bandargaz wastewater treatment plant on the basis of the data collection of operation period and the samples taken during the study. Also the effects of mid-term use of the wastewater for irrigation (from 2005 to 2013) on soil physical and chemical characteristics were studied. For this purpose, 4 samples were taken from the inflow and outflow wastewater and 25 quality parameters were measured. Also, the four soil samples from a depth of 0-30 cm of two rice field irrigated with wastewater in the beginning and middle of the planting season and two samples from one adjacent rice field irrigated with fresh water were collected and their chemical and physical characteristics were determined. Average of electrical conductivity, total dissolved solids, sodium adsorption ratio, chemical oxygen demand and 5 days biochemical oxygen demand in treated wastewater were 1.35 dS/m, 707 ppm, 0.93, 80 ppm and 40 ppm, respectively. Results showed that although some restrictions exist about chlorine and bicarbonate, the treated wastewater is suitable for irrigation based on national and international standards and criteria. In comparison with fresh water, the mid-term use of wastewater caused a little increase of soil salinity. However, it did not lead to increase of soil salinity beyond rice salinity threshold. Also, there were no restrictions on soil in the aspect of salinity and sodium hazard on the basis of many irrigated soil classifications. In comparison with fresh water, the mid-term use of wastewater caused the increase of total N, absorbable P and absorbable K in soil due to high concentration of those elements in treated wastewater.
Introduction
Today, due to the constraint in availability of the freshwater for irrigation, wastewater especially sewage water is being used for irrigation of agriculture fields . Specially, in arid and semi-arid regions, irrigation water shortage turns treated wastewater into an attractive source of water for irrigated agriculture (Pescod 1992) . Hamilton et al. (2007) reported that globally around 20 million ha of land were irrigated with reclaimed wastewater, and the amount would increase markedly during the next few decades as water stress intensifies (after Chen et al. 2013c ). However, Chen et al. (2015a) reported in spite of poor general public's knowledge on water resources, their awareness on reclaimed water reuse was high. Moreover, some of the stakeholders had concerns about the potential risks from reclaimed wastewater reuse.
Several studies have been done to investigate the possibility of using treated wastewater for irrigation. For example, Torabian and Motallebi (2003) in addition to evaluating the wastewater quality of EKBATAN treatment plant presented the plan of wastewater reuse management. Ghasemi and Danesh (2012) studied the wastewater samples from Mashhad treatment plant and stated that according to Ayers and Westcot Guide (1985) , wastewater can be used for irrigation of agricultural land. Results of Hasanli and Javan (2006) and Salehi et al. (2008) showed that the application of treated wastewater for irrigation of green and afforestation species is possible.
As an irrigation water resource, reclaimed water from sewage treatment plants can provide soils with the nutrients and organic matter, ameliorating health conditions (biodegradable organic matter and beneficial microorganisms), soil biological activities and thus promote soil quality and sustainability. However, reclaimed water also contains nonessential toxic elements and most noticeably salts, which may lead to soil salt levels intolerable to most landscape plants or crops, especially in heavy soil (Chen et al. 2013a (Chen et al. , b, 2015b Lyu and Chen 2016) . Moreover, the greatest health concern in using reclaimed wastewater for irrigation is directed to pathogens (Chen et al. 2013a ). Wang et al. (2013) reported that concentration of some aroma chemical components (HHCB and AHTN) can be significantly increased in reclaimed wastewater-irrigated soils, although it would take 243 and 666 years for their accumulation in soils to reach the levels that harm the ecosystem and soil biota such as germinating plants and earthworms. Assouline and Narkis (2011) stated that treated wastewater application will differently affect different zones in the soil profile, depending on irrigation management parameters and plant uptake characteristics. Results of Singh and Agrawal (2012) showed that wastewater irrigation led to beneficial changes in physico-chemical and biological properties of the soil. Generally, wastewater application for irrigation will lead to the reduction of soil porosity and consequently decrease in water retention (Aiello et al. 2007 ), decrease of saturated hydraulic conductivity (Aiello et al. 2007 ; Assouline and Narkis 2011), reduction of soil infiltration rate (Rohani Shahraki et al. 2006; Assouline and Narkis 2011) , increase the soil contamination to heavy metals (Hoseinpoor et al. 2008; Singh and Agrawal 2012; Chen et al. 2013c) , increase of soil salinity (Taghvaiian et al. 2008; Hoseinpoor et al. 2008; Chen et al. 2013b; Lyu and Chen 2016) , increase of soil water retention (Taghvaiian et al. 2008) , decrease of soil bulk density (Rohani Shahraki et al. 2006) , increasing risks of nutrient imbalances and groundwater contamination of nitrate with irrational managements of reclaimed water (Candela et al. 2007 ) and increase of soil surface microbial contamination and concentrations of some pathogens like viruses and Giardia (Aiello et al. 2007; Levantesi et al. 2010) . However, there is no consistency as reclaimed urban wastewater impacts were dependent on the quality of reclaimed water, irrigation rate and practices, irrigation period, soil properties, influent water characteristics, treatment process, crop characteristics and local climate conditions (Pereira et al. 2012; Chen et al. 2015b) .
Irrigation water scarcity in the summer season in Bandargaz region, which coincides with the peak crop water requirement period, result in farmers interest to use treated wastewater as an unconventional water resource. Since a few years, farmers in the Bandargaz region used the treated wastewater for irrigation, this study was conducted to investigate the characteristics of inflow and outflow wastewater of the Bandargaz wastewater treatment plant and the effects of mid-term use of the wastewater for irrigation on soil physical and chemical characteristics.
Materials and methods
Bandargaz City with an area exceeding 239.3 km 2 is located in the west at a distance of 40 km from the center of Golestan Province (Gorgan). The direct distance of Bandargaz wastewater treatment plant from the sea is about 1.7 km and the distance where the wastewater discharged into the sea from the Miankaleh protected area is 35 km (Fig. 1) . Origin of the raw wastewater is domestic and municipal. Secondary treatment method in the Bandargaz plant is aerated lagoons. This plant with a capacity of 3,100 m 3 /day was launched in 2005 (however, quality and quantity data in wastewater plant were gathered from 2007). Wastewater using concrete pipe reached the natural earth channels and then emptied into the sea (Fig. 1) . Within the last 9 years, farmers have removed the manhole doors and pumped the treated wastewater to agricultural lands.
In the study area, rice cultivation is dominant and irrigation season is approximately 2.5-3 months (mid-Maymid-August) along with peak of irrigation water requirement within July. In other month of year, treated wastewater is discharged to the sea.
To evaluate influent and effluent quality characteristics of wastewater, some parameters that were measured in the Bandargaz plant laboratory (from 2007 until 2012) were obtained. These parameters include biological oxygen demand (BOD 5 ), chemical oxygen demand (COD), settlement solids (SS) and discharge (Q). One sample in month was taken by wastewater treatment plant. Data normality was evaluated by one-sample Kolmogorov-Smirnov test (Smirnov 1948) . Calculation of some descriptive statistics, data analyses of variance and means comparison (by least significant difference test at 5 % statistical level) were carried out using SPSS 16.0 package (Gomez and Gomez 1984) .
Also, water samples were taken in two stages during month of July 2013 (an interval of 20 days) and 25 quality parameters including pH, total dissolved solids (TDS), electrical conductivity (EC), chloride, ammonia, nitrate, nitrite, phosphate, sulfate, total hardness (TH), total alkalinity, turbidity, potassium, calcium, magnesium, sodium, bicarbonate, carbonate, hydroxide alkalinity, BOD 5 , COD, total solids, total suspended solids (TSS), total coliform and fecal coliform were measured. To assess the feasibility of usage of wastewater for irrigation, wastewater effluent quality was compared with standards for irrigation water quality. Since farmers in the area surrounding the plant from the beginning of its operation (from 2005) were using treated wastewater for irrigation, the effects of its usage on soil characteristics were evaluated. For this reason, soil samples were collected before of summer crop season and its middle (May and July, respectively) from 0-30 cm depth. Two rice fields irrigated with wastewater and one adjacent field irrigated with fresh water were selected. Then, soil physical and chemical properties including EC, pH, calcium, magnesium, sodium, bicarbonate, carbonate, sodium adsorption ratio (SAR), residual sodium carbonate (RSC), exchangeable sodium percentage (ESP), organic carbon, total nitrogen, phosphorus, potassium and clay, silt and sand percentage of soil (soil texture) were measured. Soil infiltration was measured using double rings methods in three replications. Total wastewater and soil properties were measured based on APHA (2012) and Klute (1986) , respectively.
Results and discussion

Assessment of influent and effluent wastewater
The results showed that all parameters were normal based on one-sample Kolmogorov-Smirnov test. Some descriptive statistics of BOD 5 , COD, SS and discharge (Q) of influent and effluent wastewater based on monthly and yearly average are shown in Tables 1 and 2 , respectively. Based on design criteria of Bandargaz wastewater plant, BOD 5 and SS of effluent wastewater should be less than or equal to 170 and 205 mg/l, respectively. Tables 1 and 2 showed that in all months and years, means of BOD 5 and SS of effluent wastewater were less than design criteria. However, in all years and approximately in all months, wastewater discharge (Q) was greater than plant capacity (3,100 m 3 /day). It was due to the entrance of surface runoff to the wastewater collection network and street washing that led to chemical dilution of wastewater.
Assessment of influent and effluent wastewater based on analysis of variance of wastewater plant data is presented In each column, means followed by at least one letter were not significantly different at the 5 % probability level (LSD test). Unit of biological oxygen demand (BOD), chemical oxygen demand (COD) and settlement solids (SS) is mg/l and discharge (Q) is m 3 /day. Influent and effluent wastewaters are shown by in and out subscripts Appl Water Sci (2017 ) 7:2385 -2396 2391 wastewater quality variations. However, COD values had some deviations from yearly and monthly ranges. One of the major concerns regarding reclaimed water irrigation is on salinity (Chen et al. 2013b ). Classification of Bandargaz-treated wastewater based on United State Salinity Laboratory (USSL) (Richards 1954; Wilcox 1955) was C3S1 that represents water with high salinity and without sodium hazard. However, it was C3 based on TDS total dissolved solids, EC electrical conductivity, TH total hardness, TA total alkalinity, HA hydroxide alkalinity, COD chemical oxygen demand, BOD 5 5 days biological oxygen demand, TS total solids, TSS total suspended solids Richards (1954) that is suitable for salt-tolerant crop. The results showed that based on Ayers and Westcot Guide (1985) , Bandargaz-treated wastewater is suitable for irrigation except for chlorine sensitive crops (Table 6 ). Soil texture is moderately fine (20-30 % clay) and annually precipitation is 650 mm in Bandargaz region. Based on Table 7 , Manual of Indian Council of Agricultural Research (Minhas and Gupta 1992) indicated that 2.5, 4.5 and 8 dS/m water salinity can be used for irrigation of sensitive, semi-moderate and moderate crops, respectively. Then, Bandargaz-treated wastewater is suitable for total crop irrigation.
Classification of Bandargaz-treated wastewater based on Iranian guide for Water Quality Classification (IRNCID 2002) indicated that water is low saline and its usage is possible for total crop irrigation. Also, based on similar classification presented by IRNCID (2002), Bandargaztreated wastewater can be used in light-and medium-textured soils without limitations and provided with leaching and drainage in clay soils.
The results showed that based on handbook No. 535 Iranian Ministry of Energy (2010), almost all indices except the chlorine were located in the range of use of treated wastewater for irrigation (Table 8) . However, effluent discharge into receiving surface water is not permitted due to high levels of chlorine, calcium, ammonium, phosphorus, BOD, COD and TDS. Comparing average values of BOD5 and COD of influent and effluent wastewater in July (Table 1) and their yearly averages (Table 2 ) with Iranian Ministry of Energy (2010) standard (Table 8) showed that raw wastewater (influent) was suitable neither irrigation nor discharging into resource receiving surface water. However, based on Tables 1 and  2 , effluent wastewater was suitable for irrigation purposes and discharging into surface water receiving resources. Myers et al. (1999) presented Australian guideline for sustainable effluent-irrigated plantations. This standard and results of Bandargaz-treated wastewater assessment are given in Table 9 . The results showed that almost all indices except the chlorine were located in the range of use of treated wastewater for irrigation. Based on the average value of BOD 5 of influent and effluent wastewater in July (Table 1) and its yearly average (Table 2) , raw (influent) and treated (effluent), wastewater had medium and low risk, respectively, for sustainable irrigated plantations (Table 9) .
Assessment of effect of wastewater on soil
Soil physical and chemical parameters are shown in Table 10 . The results show that the soil salinity in wastewater-irrigated area is little more than fresh water irrigated land. Similar results were reported by Taghvaiian et al. (2008) , Hoseinpoor et al. (2008) and Chen et al. (2013b) . Maas and Hoffmann (1977) and Ayers and Westcot (1985) presented yield loss (%) per unit increase of soil salinity excessive from soil salinity threshold value (EC e ), where yield decrease starts (ranging from 1.5 dS/m for sensitive to 10 dS/m for salt-tolerant crops). For rice, these values are 3 dS/m and 12 %. Comparing these values with Table 10 shows that application of wastewater did not lead to increase of soil salinity beyond rice salinity threshold. Richards (1954) divided soils into five categories on the basis of effects of soil salinity on crop yield. On the basis of Richards method (1954) , soil salinity is relatively low and it has not limitations for different crops. However, yield of salt sensitive crops may be reduced in this condition. Shainberg and Oster (1978) presented crops sensitivity to sodium hazard based on soil ESP. Crops were divided into five categories including very sensitive, sensitive, semi-tolerant, tolerant and very tolerant. Soil chemical parameters (Table 10) showed that in comparison with fresh water, the mid-term use of wastewater results in little increase of ESP but it did not cause the restrictions on soil even for sensitive crops. Chen et al. (2015b) observed a slight soil alkalization under reclaimed water irrigation that was in accordance with these findings.
Based on the criteria of Rhodes et al. (1992) , the soil salinity in wastewater-irrigated area creates restrictions only for sensitive crops and there are no limitations for other plants.
Comparison of soil properties with Iranian guide for the irrigated land classification (2002) indicated that soil has any restriction in the aspect of salinity and sodium hazard. Table 10 shows that in comparison with fresh water, the mid-term use of wastewater caused the increasing total N, absorbable P and absorbable K of soil. It was due to the high concentration of those elements in treated wastewater that were 35.07, 8.75 and 72 ppm, respectively (Table 5 ). Significant increase of N, P and K in soil irrigated by wastewater was reported by Meli et al. (2002) , Salehi et al. (2008) and Singh and Agrawal (2012) . Chen et al. (2015b) showed that soil nutrient conditions were ameliorated by reclaimed water irrigation, as indicated by the increase of soil organic matter content, total nitrogen and available phosphorus.
The results showed that the wastewater application did not reduce soil infiltration and even in some cases, it increased soil infiltration rate as well. Slight increase of soil infiltration rate was reported by Taghvaiian et al. (2008) according to this result. It happened because of increased soil organic carbon and Ca ? Mg concentration.
